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Introduction
Type 2 diabetes (T2DM) is a common non-communicable disease (NCD) in older people and is becoming a global health problem (1) . In 2010, about 106 million people aged ≥60 years had T2DM worldwide consistent with aging population and increasing obesity (2) . The prevalence of T2DM is projected to increase to 200 million older people by 2030. It is associated with significant morbidity, disability, and mortality, and the health expenditure is highest among people aged ≥60 years (3) .
Regular physical activity is a cornerstone in the management of T2DM, which improves glucose homeostasis and reduces risk of diabetes-related morbidity and mortality (4, 5) . Older people especially with chronic NCDs, such as T2DM, do benefit from regular physical activity (6, 7) . Despite the increasing evidence of the health benefits for regular physical activity, many older people with T2DM remain sedentary (8, 9) . Sedentary older people with T2DM are at increased risk of cardiovascular and coronary events (10) , and diminished physical function (11) . So, sedentary lifestyle should be discouraged in older members of the community (7, 12) .
Interventions promoting physical activity in sedentary people with T2DM have been widely studied. Feedback on behavior change is frequently used to promote physical activity and most studies used motion-sensor devices (accelerometer or pedometer) (13) (14) (15) (16) (17) . Findings of these studies varied in their effectiveness in increasing physical activity and reducing glycosylated hemoglobin (HbA1c). Another strategy to change behavior is using peer support (PS) in the management of T2DM (18) (19) (20) (21) . The key functions of PS identified by the World Health Organization (22) and Peers for Progress (23) included "assistance in applying disease management and prevention plans in daily life, emotional and social support, linkage to clinical care and on-going support" (p. i64) (23) . Most studies on PS in T2DM focused on diabetes selfmanagement education and support, and these studies showed improved HbA1c (19) and self-care behavior including physical activity (19) (20) (21) . However, few studies focused on promoting physical activity in older people with T2DM. The rapid increase in the incidence of T2DM (1) and a shift toward an aging population warrants the need for an intervention program to improve the functional status of older people with T2DM (24) .
Older people with T2DM often have low physical activity levels (25) . Those who are less active have poorer glycemic control (9) . Previous systematic reviews, including our own, found no studies that promoted physical activity among sedentary older Malays with T2DM and no studies that compared feedback in combination with PS (26-28). In Malaysia, the prevalence of T2DM increased from 8.2% in 1996 to 14.9% in 2006, with the highest proportion (26.1%) among people aged 60-64 years (29) . Older Malaysians with T2DM had low physical activity levels and were more likely to have poorer glycemic control (9) . Therefore, we evaluated the effectiveness of personalized feedback (PF) about physical activity patterns alone or in combination with PS, in addition to usual diabetes care in improving physical activity levels in sedentary older Malays with T2DM. We also evaluated the effectiveness of these interventions on glycosylated hemoglobin, other cardiovascular risk factors, functional status, quality of life, and psychosocial wellbeing.
Materials and Methods

Research Design and Participants
The Monash University Human Research Ethics Committee (CF10/3191 -2010001702) and Medical Research Ethics Committee, Ministry of Health, Malaysia (NMRR-10-1107-7328) approved this study and the study was conducted in accordance with the principles of the Declaration of Helsinki. This trial was registered with the Malaysian National Medical Research Registry, Ministry of Health, Malaysia (registration number NMRR-10-1107-7328), and with Current Controlled Trial Ltd. (registration number ISRCTN71447000).
This was a three-arm randomized trial conducted over 36 weeks with a 1:1:1 allocation into three groups:
1. PF about physical activity patterns; 2. PF about physical activity patterns combined with PS; 3. Control group, receiving only usual diabetes care (CG).
Patients were recruited from an urban primary care clinic in Selangor, Malaysia between January and April 2012. We recruited Malay patients because they had worse glycemic and metabolic control (30) and the lowest prevalence of recommended adequate exercise compared with other ethnic groups (31) . Eligible participants were community-dwelling Malays aged ≥60 years, diagnosed with T2DM for ≥1 year, having a sedentary lifestyle [engaging in physical activity <150 min a week of moderate intensity (7)], and with follow-up care for their T2DM ≥ two visits in the last 12 months. The exclusion criteria are shown in Table 1 , and were used to ensure safe participation in physical activity.
The recruitment involved placing notices at the clinic, personal communication with the patients by the clinic staff, and contacting potential participants via telephone. Participants were screened for eligibility and safety to participate and provided written informed consent before baseline assessment. The recruitment was conducted in the same clinic. Participants from different groups attended their scheduled clinic visits on different days to minimize cross contamination. Peer mentors (whom were patients themselves) were also instructed to share the intervention with their allocated peers only. This study was performed as planned in the study protocol published elsewhere (32) .
Interventions
The interventions incorporated constructs of Social Cognitive Theory to promote change in behavior from sedentary behavior to being physically active through social support and self-efficacy (33) . PF and PS groups engaged in a 12-week regular unsupervised walking activity. The participants performed gradual walking activity toward the recommended 30 min a day on ≥5 days in a week at moderate intensity and monitored their walking activity intensity using the Talk Test (34, 35) .
Personalized Feedback About Physical Activity Patterns
Participants in the PF and PS groups received structured PF and usual diabetes care. The feedback comprised participants' physical activity patterns (based on the calculated minutes spent walking in a week each month) provided in three one-to-one sessions with the first author during monthly clinic visits. Their attending doctors at the clinic provided the usual diabetes care.
Peer Support
The participants in the PS group received support from peer mentors in addition to the PF and usual diabetes care. Peer mentors are "individuals who successfully coped with the same condition and can be a positive role model" (p. i26) (36) . The peer mentors were volunteers aged ≥60 years with T2DM who lived in the same community as the participants. They motivated and provided support to the participants to walk regularly based on the feedback through three face-to-face and three telephone contacts over the 12 weeks. The protocol for the peer mentors included recruitment, training, and supervision, and has been described elsewhere (32) .
Control Group
Participants in the control group received usual diabetes care and acted as a comparison group. The usual diabetes care practice in this study was based on the Malaysian guideline on the management of T2DM, which includes education on lifestyle modification (including diet and physical activity), medications, and self-care management (37) . During the 12-week intervention, the control group attended the clinic at a monthly interval to refill their prescriptions. All participants in this study were given pedometers to objectively measure physical activity levels, not as a motivating tool. The motivating factor for the intervention groups was to achieve the recommended duration and frequency of the walking activity. The pedometer readings were not assessed during the 12 weeks of intervention.
Outcomes
Primary Outcome
The primary outcome was physical activity level measured using a reliable and valid pedometer (Yamax Digi-Walker ® CW 700/701, Japan) (38) . Participants were taught the correct use of the pedometer and were instructed to wear it during their waking hours. All participants were instructed to record total daily step counts in a physical activity diary over 7 days at baseline, and at weeks 12, 24, and 36. The total step counts recorded were divided by the 7 days of assessment to estimate the average steps/day. Based on current best practice, the step counts should be estimated using at least 3 days of readings if the participants did not complete the 7 days assessment (39) . The pedometer has a 2-week memory recall that allowed the research team to recover participants' daily step counts over the last week before their three-monthly assessments if no readings were recorded in their diary.
Secondary Outcomes
The secondary outcomes included subjective measure of physical activity: weekly duration and frequency of structured physical activity from the diary, and Physical Activity Scale for the Elderly (PASE) (40) . The PASE questionnaire included leisuretime, household and work-related activities, and duration of daily activities done while seated representing sedentary behavior.
Other secondary outcomes were cardiovascular risk factors, functional status, quality of life, and psychosocial wellbeing. The cardiovascular risk factors included glycosylated hemoglobin (HbA1c), blood pressure, body composition (weight, body mass index, waist circumference, body fat percentage), and lipid profiles (low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides). Functional status (cardiorespiratory fitness and balance) were measured by the 6-min walk test (41) and the timed up and go test (42), respectively. The 6-min walk test requires the participant to walk for 6 min and the distance in meters was recorded. The protocol adhered to the recommendations of the American Thoracic Society Guideline (43) . There are no standard cut-off values to interpret the results of the 6-min walk test. However, it is recommended that comparison based on the mean changes in the distance walked be made following an intervention (43, 44) . Quality of life was represented by the physical component summary (PCS) and mental component summary (MCS) scores of the SF-12 Health Survey (45) . Psychological wellbeing was measured using the General Health Questionnaire-12 (46) , and perceived social support from significant other family and friends was measured by the Multidimensional Scale for Perceived Social Support (MSPSS) (47). The Self-Efficacy for Exercise Scale was also included in the measurement suite (48) .
All outcomes were measured at four time points: baseline, week-12 post-intervention, and follow-up at weeks 24 and 36.
Adverse Events
We assessed for any occurrence of adverse events that might be due to the interventions that included falls, hypoglycemic episodes, life threatening events, and hospitalization. Participants were asked to report such events spontaneously and we collected additional information during the assessment time points.
Sample Size
Sample size was estimated using G*Power version 3.1.3 software (49) at a statistical significance level of 5 and 80% power. In this study, the primary outcome was pedometer-determined physical activity. We calculated a sample size of 17 per group based on the difference in daily step counts from 4,099 ± 2,152 (preintervention) to 7,976 ± 4,118 (post-intervention) following an intervention delivered by peer mentors to promote physical activity in adults with T2DM (18) . A minimum sample size of 20 per group was required after considering 20% loss to follow-up.
Randomization
Eligible participants were sequentially numbered and allocated into one of the groups. The randomization schedule was computer generated using random block sizes of three with an allocation ratio of 1:1:1 (50) . The principal author conducted the assignment of interventions after baseline assessments were collected. The blinding of the participants was not possible because of the nature of the intervention. The group allocation was concealed from other research team members not involved in the assignment of the intervention or data analysis, but involved in recruitment and data collection. All participants attended the clinic at time of randomization (at baseline) and at three-monthly intervals for 36 weeks between May 2012 and January 2013.
Statistical Analysis
Data were analyzed using IBM Statistical Package for Social Sciences (SPSS) version 20.0 (IBM Corp., Armonk, NY, USA). Participants's demographic characteristics, clinical history, and baseline variables were described using means and SDs or median and interquartile range, and frequencies and percentages. The participants' baseline characteristics were compared using Chisquare or Exact tests and one-way ANOVA or Kruskal-Wallis tests. Post hoc tests were conducted to determine significant relationships between groups.
Missing data were not imputed and incomplete data analysis was conducted using linear mixed modeling (LMM) employing intention-to-treat principles (51) . The effectiveness of the interventions between groups at baseline, weeks 12, 24, and 36 was determined for all outcomes. An exploratory model building strategy using diagonal covariance structure for repeated measures was performed to select the final model for outcomes (52) . The three groups and repeated measures (four time points) of the outcomes were included in the model as the fixed effect factors and were estimated using maximum likelihood method as it provides more accurate estimates of fixed regression parameters. There was no random effect in this study because it was conducted in one primary care clinic and the participants were recruited from the same sample of population.
Results from the final model were presented as adjusted mean and SE for each group at the four time points. Contrast tests were performed on outcomes with significant differences between groups over time and were presented as standardized estimates (β), SE, and 95% confidence intervals. Time point at baseline served as the reference. The analysis controlled for covariates that differed between groups at baseline, which were treatment modalities for diabetes, types of prescribed medication, and SF-12 MCS scores. Adjusted R-squared was calculated and effect sizes were reported according to Cohen's definition: R 2 = 0.14 is a small, R 2 = 0.36 is a medium, and R 2 = 0.51 is a large effect size (53). The significant level was set at p value <0.05. The social support and self-efficacy measures were potential mediators on the pedometer-determined physical activity; but it was beyond the scope of this study to perform a mediation analysis. Figure 1 shows the flow of study participants. We approached 331 patients and 253 fulfilled the inclusion criteria. Sixty-nine patients enrolled in the study and 23 were randomized to each group. Baseline demographic and clinical characteristics were comparable except for treatment modalities for diabetes, types of prescribed medication, and SF-12 MCS scores. The control group had significantly greater mean types of prescribed medication and a higher proportion was on both oral antihyperglycemic agents and insulin, while the PS group had higher mean SF-12 MCS scores ( Table 2) . Participants were recruited between January and April 2012 and they attended the clinic visits from May 2012 to January 2013 during this study.
Results
Baseline Characteristics
Fifty-two (75.4%) participants completed the study. Significantly more women than men were lost to follow-up (p = 0.021). Also, those lost to follow-up had higher weight (p = 0.018) and BMI (p = 0.019), lower cardio respiratory fitness (p = 0.001), balance (p = 0.021), PASE scores (p = 0.003), SF-12 PCS scores (p = 0.040), and Self-Efficacy Score for Exercise (p = 0.017) than those who completed this study (results not shown). A trend showed that more participants from the control group were lost to follow-up (41.2%) than the PF (23.5%) and PS (35.3%) groups (p = 0.579). All participants adhered to wearing the pedometer, but the number of participants who completed the diary declined over time: 59/61 (96.7%) at week 12, 53/56 (94.6%) at weeks 24, and 48/52 (92.3%) at week 36 (data not shown). The weekly duration and frequency of physical activity contributed to the missing data of this study. All participants randomized into this study were included in the analysis using intention-to-treat principles.
Primary Outcome
The mean daily pedometer readings were significantly different between groups over time [F(6, 173.85) = 4.10, p = 0.001; adjusted R 2 = 0.212] with a small effect size (Figure 2 
Secondary Outcomes
The groups differed over time on weekly duration [F(6, 178.57) = 6.29, p < 0.001; adjusted R 2 = 0.386] (see Figure 3) , frequency of structured physical activity [F(6, 180.12) = 7.03, p < 0.001; adjusted R 2 = 0.465] (see Figure 4) , and PASE scores [F(6, 174.60) = 3.43, p = 0.003; adjusted R 2 = 0.078] (see Figure 5) but not on PASE duration of daily activities while seated (p = 0.629). The PF and PS groups had greater weekly duration of structured physical activity than the control group at post-intervention and at follow-up. The PS group also had greater weekly duration of structured physical activity than the PF and control groups during this study.
The weekly frequency of physical activity was not significantly different between the groups at post-intervention. The PF and PS groups showed greater increases in the weekly frequency of structured physical activity than the control group during followup. The PS group had greater increase than the PF group and control group at week 24 but this was not sustained at week 36. The PASE scores were greater in the PS group than in the control group during this study. The PS group had greater scores than the PF and control groups at week 12 and 36.
The HbA1c level and other cardiovascular disease risk factors showed no group differences over time except for the mean body fat percentage [F(6, 169.09) = 3.36, p = 0.004; adjusted R 2 = 0.258] (see Figure 6 ). The PS group had greater reductions in body fat percentage compared with the PF and control groups during this study. The PF and PS groups also had greater reductions at week 12 and 36 than the control group.
Only the 6-min walk test representing cardiorespiratory fitness [F(6, 171.12) = 5.43, p < 0.001; adjusted R 2 = 0.256] (see Figure 7 ) and perceived social support from friends [F(6, 170.72) = 1.69, p = 0.032; adjusted R 2 = 0.084] (see Figure 8 ) showed significant differences between groups over time. The PS group showed greater increase in cardiorespiratory fitness and social support from friends at weeks 24 and 36 than the control group, but not at week 12. The PS group also showed greater increase in cardiorespiratory fitness at week 24 than the PF group.
Adverse Events
None of the participants from the present study sustained any injury or experienced any adverse events due to the intervention.
Discussion
The current study revealed that a PF combined with PS intervention significantly improved physical activity level (pedometer readings, weekly duration of structured physical activity, and PASE scores) in sedentary older Malays with T2DM at postintervention. These were sustained during this study when compared with the PF only and control groups. The PS group significantly improved weekly frequency of structured physical activity, cardiorespiratory fitness, and social support from friends during the follow-up but not at post-intervention when compared with the PF and control group. Both the PS and PF groups significantly improved pedometer readings, weekly duration of structured physical activity, and body fat percentage at postintervention and follow-up when compared to the control group. However, the PF and PS groups did not improve HbA1c and other secondary outcomes.
We found that PS improved the physical activity level among our older participants with T2DM, which is consistent with previous studies (18, 19, 21) . These studies showed significant increases in pedometer steps/day (18) , minutes/week (21) , and days/week (19) of structured physical activity. The Canadian 
quasi-experimental First
Step Program promoting physical activity using self-efficacy, social support, and feedback over 16 weeks found an intervention delivered by PS was equally effective in increasing daily pedometer readings as those delivered by healthcare professionals (18) . However, no comparison with controls was made and sustainability of the intervention was not evaluated. Both U.S.-based and Chinese-based randomized controlled trials (RCTs) that included peer mentors to promote physical activity as part of a multiple health behavior program showed greater minutes/week (21) and days/week (19) of structured physical activity when compared to controls. However, these interventions were focused on diabetes self-management education and support, and they measured physical activity using a questionnaire (19, 21) .
In our study, we found that at week 12, there was a substantial improvement in pedometer readings and duration of structured physical activity in the PS and PF groups. However, the mean frequency of physical activity was lower at week 12. Based on the descriptive data that we analyzed (data not shown) at week 12, participants in both PF and PS groups performed between 0 and 7 times a week of moderate intensity physical activity. They engaged in longer duration of physical activity, i.e., longer than 30 min of each walking exercise, but performed less frequently in a week, which is reflected by the average of longer duration and lower frequency of physical activity found in this study. The recommendation for older people is to perform regular physical activity of at least 30 min on 5 days each week (7) , which the participants did not achieve at this time point. It is unclear why the participants did not achieve compliance with recommendations at week 12. The differences between groups at week 12 were also not significant.
The PASE scores in our study were significantly greater in the PS group than in the PF and control groups. Similarly, previous RCTs with PS interventions reported greater physical activity levels based on self-reported physical activity scales compared with controls (19) (20) (21) . Unfortunately, the scales used in these studies varied making comparison difficult. We did not find differences between groups in the sedentary behavior. None of the previous studies among people with T2DM with PS programs measured sedentary behavior.
Peer support increased cardiorespiratory fitness and social support from friends during the follow-up period in the present study.
Comparison with previous studies could not be done because no studies on feedback or PS measured cardiorespiratory fitness or social support in older people with T2DM following physical activity interventions. A meta-analysis found regular structured physical activity improved cardiorespiratory fitness in adults with T2DM (54) . In contrast to our study, a quasi-experimental study of Chinese women that evaluated the effect of group-based Tai Chi exercise on social support reported significant increased MSPSS (family) and MSPSS (significant others) scores but not MSPSS (friends) score (55) . Our process evaluation showed that participants in the PS group considered their newly acquainted peers as their new friends, which may account for the increase in MSPSS (friends) scores.
In our study, the interventions did not improve HbA1c and other CVD risk factors. Previous studies using a blood glucose self-monitoring chart as feedback (17) and PS (19) to promote physical activity in adults with T2DM showed significant reduction in HbA1c as opposed to our findings. However, the improvements of HbA1c in these studies were short-term. We found decreased body fat percentage in the PF and PS groups. Comparison with previous studies that incorporated feedback or PS among adults with T2DM could not be made as body fat percentage was not an outcome in those studies.
The PS group showed improved physical activity levels in the short-term, which was sustained when compared to the PF or control groups in our study. Peers have been shown to influence one another, which results in adopting similar behaviors (56) . Our process evaluation found that the participants in the PS group developed their own social network outside the study. The interaction could have contributed to the adherence to regular physical activity. This "flow on" effect is an important finding from this study where participants were able to take the experience of the intervention and translate it into sustainable activities. The social interaction between peer mentors and participants in the PS group could also influence greater perceived social support from friends scores. Further, friends have been shown to correlate positively with older people's participation in leisure activities (57) .
Sedentary behavior was evaluated to provide a comprehensive definition of physical activity level in the present study. We found most participants in all groups reported spending less than 4 h a day on activities while seated and that remained unchanged during the course of the study. We assessed sedentary behavior using a question from the PASE: hours spent in a day on activities done while seated and not lying down. So, the true extent of sedentary behavior in this study may have been underestimated.
All groups in our study showed a similar reduced trend in HbA1c, weight, BMI, and waist circumference at postintervention, which could explain why the difference between the groups was not detected. These reductions in the intervention groups could be attributed to increased walking activity. But, in the control group, it is unclear why such reductions were observed, as they did not engage in regular physical activity. A "trial or Hawthorne effect" could explain this observation; a phenomenon where a trial may bring about positive effects on the participants' behaviors and outcomes (58) . The participants may alter their behavior to improve themselves as a result of being in a study. The control group may also have improved their dietary control during the intervention, but we were not able to confirm this as dietary intake was not measured.
Our study showed that older Malays can be motivated to change their behavior even at a later age especially with the influence of peers. There are limited healthcare resources in Malaysia to provide on-going diabetes self-management education and support due to lack of a trained workforce and time constraints. Healthcare providers could empower patients to improve their physical activity level and diabetes self-care through PS groups at the primary care setting, which may prove to be a cost-effective approach.
A PS program is feasible among older Malays with T2DM bridging primary health care and community settings in Malaysia. It had positive effects on physical activity behavior and functional status of our older participants with T2DM. Future trials should investigate the effects of such interventions among other ethnic groups in Malaysia and should be conducted in other settings, for example, in collaboration with community organizations to allow better generalizability of such program in Malaysia. Further, a PS program does require resources but the investment may be relatively lower when older people can be empowered and be more self-reliant to self-manage their diabetes. An economic evaluation of the PS approach needs to be included in future trials promoting physical activity in older people and in people with T2DM with longer follow-up period and rigorous cost analysis. We used physical activity level rather than a clinical indicator such as HbA1c level as the motivating factor to promote physical activity. The use of a clinical indicator that closely reflects the participants' disease control could plausibly further enhance behavior change and improve clinical outcomes in future trials.
Strength and Weaknesses of the Study
A strength of our study was a long follow-up period that allows evaluation of the sustainability of interventions promoting walking activity. Also, pedometer measures physical activity level objectively and allows more accurate classification of physical activity (59) . As far as we can ascertain, this is the first RCT that evaluated the effectiveness of feedback in combination with PS in older patients with T2DM in the Malay community.
This study also has some weaknesses. First, the response rate was low. The process of recruitment involved several stages with extensive screening before randomization. Potential participants needed to comply with the study for 9 months. These factors could have discouraged some of the participants from participating. In addition, those who finally enrolled were more likely to be those who were highly motivated to change their behavior (60) . This may lead to a recruitment bias.
Second, significantly more men, and participants with lower weight and BMI, and better cardiorespiratory fitness and balance completed this study. Analyses to determine the effect of gender on the outcomes were performed (data not shown), but there were no significant differences in the primary and secondary outcomes between the groups over time.
Finally, sedentary behavior was assessed using activities while seated while true sedentary behavior should include activities while lying down. So, self-reported measures for sedentary behavior should evaluate the time spent on each sedentary activities rather than the time spent on these activities in total (61).
Conclusion
Personalized feedback about patterns of physical activity in combination with PS significantly improved physical activity level, cardiorespiratory fitness, and social support from friends in older Malays with T2DM when compared with those experiencing usual diabetes care. PF combined with PS approaches should be considered as a viable intervention for older people with T2DM to increase physical activity levels.
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